In Japan, there are very few cases of organ donation, including kidneys. The number of deceased donor kidney transplants (DDKTs) is much less than that of other developed Asian and Western countries, although donation after brain death is increasing slowly. Living donor kidney transplants (LDKTs) are more popular than DDKTs in Japan. However, the number of LDKTs per million population was still less than that in Korea, the UK, and the USA. Living donor ABO-incompatible kidney transplants have been performed in Japan since 1989, and longterm outcomes proved similar to those for ABO-compatible kidney transplants. Preemptive kidney transplants comprised 30% of LDKTs. In spite of the small number of kidney transplants, patient, and graft survival rates in Japan are superior to those of any other country. The infusion of regulatory T cells may induce immunotolerance in kidney transplants although acute rejection frequently occurred when immunosuppression was withdrawn and anti-donor-specific antibodies (DSAs) production could not always be suppressed. Combined kidney and bone marrow transplantation may induce immunotolerance, although a few recipients produced DSA. Kidney regeneration has become a reality. Nephron progenitor cells have been generated from human-induced pluripotent stem cells, readily reconstituting three-dimensional nephrons, including vascularized glomeruli with podocytes. The niche method has been used to generate kidney, urinary tract, and bladder tissue. Many Japanese scientists are researching kidney regeneration, and a kidney regenerated from a recipient's cells could be transplanted without immunosuppression in the near future.
Background
The realization of the current status of kidney transplantation in Japan compared to that of other countries is very important [1] . In particular, deceased organ donation, including a kidney in 2016 occurred much less often in Japan than in other Asian developed countries, such as Korea and Taiwan, as well as Western countries [2] . Therefore, the mean waiting time for a deceased donor kidney transplant (DDKT) in adults is > 12 years [3] . Medical staff and donor coordinators do not always ensure a terminal patient's will for organ donation and do not always present the option of organ donation to the patient's family in an intensive care unit and emergency department [4] . These factors appeared to be the major causes of the extremely low organ donation rate in Japan. A research group funded by the Japanese Ministry of Health, Welfare and Labor is considering a new approach of optional presentation of organ donation as a terminal care procedure, provided by a qualified social medical worker [5] .
The number of living donor kidney transplants (LDKTs) has increased steadily in Japan; however, the number of LDKTs per million population (pmp) in 2016 in Japan was 11.6, lagging behind that of South Korea (23.0), the UK (15.6), and the USA (18.0) [6] .
The number of ABO-incompatible kidney transplants was approximately 30% of all LDKTs [7] , and patient and the graft survival rates in ABO-incompatible kidney transplants were similar to those of ABO-compatible transplants [8] [9] [10] . The number of preemptive kidney transplants (PEKT) was > 30% of LDKTs [11] . A nephrologist, nurse, and coordinator cooperating with an early referral of patients with chronic kidney disease (CKD) to a kidney transplant center could increase and provide better outcomes of PEKT.
The patient and graft survival rates of DDKT and LDKT are better than those of any other countries despite the small numbers of kidney transplants [12, 13] . In Japan, kidney transplantation, as well as peritoneal dialysis, compared to hemodialysis, was rarely presented as an option for renal replacement therapy (RRT) [14] . Kidney transplantation should be introduced to patients who qualify as recipients. Such delivered information about RRT to patients with CKD was recently approved to be covered by medical insurance.
Recently, donor-specific immunosuppression and kidney regeneration has been developed as future aspects of kidney transplantation in Japan. Regulatory T cell (Treg) therapy was almost successful in liver transplants, although anti-donor-specific antibodies (DSAs) were produced in two of 10 recipients [15] . Immunotolerance is more difficult to induce in kidney than in liver transplants. However, clinical trials of Treg therapy in kidney transplantation are ongoing in Japan, as well as the USA [16, 17] .
Human-induced pluripotent stem cells are being used to study kidney regeneration is now being studied using iPSCs [18] . The nephron progenitors were successfully generated and completely replaced native nephron progenitor cells with donor cells from the mixture cells produced by the niche method [19] .
Furthermore, metanephroi with a bladder were retrieved successfully [20] . Kidney regeneration may become real in the near future for use as a transplant graft.
Current status of kidney transplantation in Japan

DDKT
Deceased organ donation
There is a global shortage of organ donations. Compared to that of other developed Asian, as well as Western countries, the number of organ donations is too small in Japan (Fig. 1) [2] . The number of deceased organ donors pmp in 2016 was 0.8 in Japan and 4.5, 6.3, 11.2, 21.4, 28.7, 31.0, and 46.7 in Taiwan, Hong Kong, South Korea, the UK, France, the USA, and Spain, respectively ( Fig. 1 ) [2] . The concept of brain death is accepted in the younger Japanese generation. According to research conducted by the cabinet office of the government of Japan in 2017, 41.8% of the population had a will specifying organ donation in cases of brain death and cardiac arrest [21] . Notably, 69.6% of the approximately 18-20-year generation had a positive donation will compared to 34.2% of the 60-year generation [21] . In spite of this, the actual number of organ donations is far less. This discrepancy might not be realized by doctors and transplant coordinators, and may be the reason why very few present the option of organ donation to the family of brain-dead patients. The Fig. 1 Worldwide deceased organ donations pmp in 2016. pmp: per million population. This figure was referred as reference [2] . Yellow; Asian countries, red; Japan Organ donation pmp in Japan in 2016 was lower than Asian developed countries such as South Korea, Taiwan, Hong Kong, and Western countries United States Routine Inquiry Laws on Organ Donation (required request laws) request consent of potential candidates or their families for donation or at least inform people of the option [22] . In European countries, in-house donor coordinators ask potential donors' families to donate organs in terms of transplant procurement management [23] . However, the option for organ donation from patients with brain death is not regulated by law and depends on the decision of charged doctors in Japan [24] . In a research study of medical record reviews of 3898 cases as the Donor Action Program in donor hospitals, the rate of optional presentation of organ donation to the family was 18.9% only [4] . Consequently, organs were donated from 0.1% of brain-dead patients and 3.4% of patients with cardiac arrest [4] . To mitigate this low rate of organ donation, Yokota's research group, founded by the Japanese Ministry of Health, Welfare, and Labor, suggested that terminal and grief care includes an optional presentation of organ donation mediated by qualified medical social workers [5] .
The number of DDKTs and kidney donations
The number of DDKTs in Japan has shown a gradual recent increase since 2014, but remains low, being 224 (ppm) in 2017 (Fig. 2) [25, 26] . Of these, 91 kidneys were used in kidney transplants, 35 in simultaneous pancreas-kidney transplants, and seven in simultaneous liver-kidney transplants [25] . Compared to those of other developed Asian and Western countries, the number of DDKTs in Japan remains few (Fig. 3) (Fig. 3) [1] . Since the revision of the Japanese transplant law in 2010, kidney transplantation after brain death has increased slowly. In contrast, kidney transplantation after cardiac arrest has decreased remarkably since 2010 (175) to 42 in 2015, the lowest number to date [25, 26] . Terminal care remains unpopular in Japan. Very few medical staff actively discontinue ventilation, even in brain-dead patients. Donation after circulatory death (DCD) is either controlled or uncontrolled, as per the Maastricht classification [27] . Uncontrolled DCD refers to organ retrieval following an unexpected cardiac arrest from which the patient cannot or should not be resuscitated. In contrast, controlled DCD takes place after death following the planned withdrawal of life-sustaining treatments that have been considered of no overall benefit to a critically ill patient in the intensive care unit or emergency department. In Japan, the number of controlled DCDs is low, because although life-sustaining treatments usually continue or are minimized, respiratory support is not withdrawn until cardiac arrest. Therefore, emergency staff, retrieval doctors, and the donor family must wait for cardiac arrest in those patients still on ventilation. In most countries except Japan, organs retrieval is done at circulatory death before cardiac arrest. Donation after cardiac arrest requires intense effort and places enormous burdens on the people involved. Consequently, the quality of a retrieved kidney after cardiac arrest in Japan is not always satisfactory because of long-term hypotension Fig. 2 Number of deceased donor kidney transplants (DDKTs) in Japan (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) . This figure was referred by reference [25] and table 1 in reference [26] . The number of kidney transplants from donors after brain death has slowly increased since 2010 when the new low was enforced. In contrast, the number of kidney transplants from donors after cardiac arrest has decreased since 2010. The total number of DDKTs returned to the level of in 2017 and poor urination. These factors have contributed to the recent decrease in donation after cardiac arrest in Japan (0.3 ppm in 2017) [25, 26] . In contrast, the cases of DCDs in Spain (12.3 pmp in 2017), the UK (9.2 pmp in 2016), Belgium (9.1 pmp in 2017), and the USA (5.8 ppm in 2017) have remarkably increased [28] .
Waiting time for DDKT
The extreme shortage of organ donations in Japan results in prolonged waiting time for DDKTs. In 2016, the waiting times for DDKT in patients ≥ 20, 16-19, and < 16 years old were 4486 ± 2266, 1003 ± 605, and 893 ± 855 days, respectively [3] . According to the DDKT recipient selection guideline, the waiting time is the most critical factor. Therefore, children < 16 and 16-19 years old, respectively, score 14 and 12 points for priority, making the waiting time for children much shorter than that for adults. Age matching between donor and recipient was discussed at the 7th Meeting of the Working Group of Kidney Transplantation [29] and the 45th Organ Transplantation Scientific Board committee meeting under the supervision of the Japanese Ministry of Health, Welfare, and Labor [3] . It was concluded that a retrieved kidney from a donor < 20 years old should be given to a recipient < 20 years old. This decision was beneficial to children waiting for DDKT.
Patient and graft survival rates for DDKT
In spite of the small numbers of DDKTs in Japan, they have a better outcome than the DDKTs of any other countries. Between 2010 and 2015, patient (791 DDKT recipients) and graft (739 DDKT recipients) survival rates were 97.9% and 96.5%, respectively, at 1 year and 92.7% and 87.3%, respectively, at 5 years (Fig. 4a, b) [30] . Patient and graft DDKT survival rates have improved significantly compared to those from previous periods (Fig. 4a, b) . In contrast, from 2008 to 2015, patient survival rates in the USA were 96.2% at 1 year (42,532 DDKT recipients) and 83.1% at 5 years (29,226 DDKT recipients) [12] , while graft survival rates were 93.2% (41,992 DDKT recipients) and 74.4% (27,950 DDKT recipients), respectively [30] . In spite of the differences in the number of recipients and data timespan, it appears that patient and graft DDKT survival rates in Japan are better than those in the USA.
LDKT
The number of LDKTs
The number of LDKTs in Japan has gradually increased from 1043 in 2007 to 1471 in 2016 (Fig. 5) [26] . The number of LDKTs pmp in 2016 was 11.6 in Japan, and 2.5, 4.6, and 23.0 in Hong Kong, Taiwan, and South Korea, respectively (Asian developed countries) (Fig. 6 ) [6] . The number of LDKTs pmp has increased even in Western countries such as the Netherlands, Denmark, the USA, the UK, and Sweden (30.4, 18.6, 17.6, 15.6, and 14.5, respectively) ( Fig. 6) [6] .
Patient and graft survival rates for LDKT
LDKT outcomes in Japan are better than those in any other country. From 2010 to 2015, the 1-and 5-year patient (6283 LDKT recipients) survival rates were 99.2% and 97.4%, respectively, and graft (5888 LDKT recipients) survival rates were 98.7% and 94.5%, respectively (Fig. 7a, b) [12] . Patient and graft LDKT survival rates improved significantly compared to those from previous periods (Fig. 7a, b) [12] . In contrast, from 2008 to 2015, the USA patient survival rates were [12] and table 20 in reference [12] 98.8% at 1 year (21,584 LDKT recipients) and 92.0% at 5 years (18,824 LDKT recipients), while graft survival rates were 97.5% (21,446 LDKT recipients) and 85.6% (18,259 LDKT recipients), respectively [30] . Patient and graft survival rates of LDKTs in Japan appeared to be better than those in the USA in spite of the differences in the number of recipients and the data timespan.
ABO-incompatible LDKTs
In 2016, the number of ABO-incompatible LDKTs was 390 (29.3%) among 1331 LDKTs [7] . At Toho University, Japan, we have performed ABO-incompatible LDKTs since 1989. Contrary to negative expectation, hyperacute rejection rarely occurred. Desensitization therapy for suppression of a donor blood group table 20 in reference [12] antibody in ABO-incompatible LDKT consists of rituximab, mycophenolate mofetil, calcineurin inhibitor, and steroids, as well as antibody removal procedures, such as double filtration plasmapheresis (DFPP) and plasma exchange (PE) using AB blood group plasma. Since 2016, rituximab has been covered by medical insurance for ABO-incompatible LDKTs in Japan and is an effective antibody production suppressant. Therefore, splenectomy is no longer considered first-line therapy. Recently, DFPP and PE as preoperative conditioning were excluded in ABO-incompatible LDKT recipients with low titers of anti-donor blood group antibody IgG (< 128) [9] because no hyperacute rejection was apparent and good outcomes were observed unless these patients were treated with DFPP and PE [9] . This decision was of great benefit to children on peritoneal dialysis without blood access. The respective graft survival rates of ABO-incompatible (n = 86) and compatible (n = 300) LDKTs from 2006 to 2016 were 98.7% and 98.0% at 1 year, 97.3% and 96.4% at 5 years, and 97.3% and 89.2% at 10 years in a Toho University single center study (not published; Fig. 8 ).
This study to collect and analyze the data in ABO-incompatible and compatible LDKTs was approved by the ethics committee of Toho University Omori Medical Center (no. 27-236) on February 4, 2016.
Long-term outcomes of ABO-incompatible LDKTs including pediatric recipients were similar to those of ABO-compatible LDKTs [8] [9] [10] .
Preemptive LDKTs (PEKTs)
PEKTs are popular in Japan. Among the 1331 LDKT recipients in Japan in 2016, 16.5% were not on dialysis and 17.4% had received dialysis a few times before transplant [11] . Approximately one-third of LDKTs in Japan in 2016 were preemptive. A patient with CKD stage G4 must be informed of the optional presentation of RRT, including KT and referred to a kidney transplant center in preparation for a PEKT [31] . At the same time, a potential living donor also should start to be explained the procedure and studied for indication as a donor. Harada et al. [32] reported that more than half of patients were referred to transplant facilities when their eGFR fell to < 15 mL/min/1.73 m 2 and only 20% could actually undergo PEKT at most facilities. They concluded that most facilities required earlier referral, in cases of CKD stages G3 or G4, which was a clear difference between referrals from CKD clinicians and transplant facilities [32] . Kidney transplantation would be a first-line treatment of end-stage renal disease, if a patient with CKD would be indicated for it. However, it is rarely presented as the best option for RRT [14] . Therefore, a nephrologist, nurse, and coordinator should notice better care for patients with CKD and cooperate with early referral to a kidney transplant center.
Age of a recipient and a donor and their familial relationship
The ages of LDKT recipients in 2016 (n = 1331) and 2006 (n = 939) were 45. [37, 38] . LDKT recipients and donors tended to be older year-on-year, and a living donor tended to be a spouse more frequently than a parent. Some older patients waiting for DDKT received a LDKT from a spouse because of the prolonged DDKT waiting time.
Original end-stage renal disease in kidney transplant recipients
The original diseases of LDKT and DDKT recipients in Japan in 2016 were glomerular nephritis (26% and 31%), diabetes mellitus (17.4% and 12.3%), and hereditary disease (9.3% and 7.1%), respectively [39] . Glomerular nephritis includes IgA glomerular nephritis (IgAGN; 13.5% in 2016), focal glomerular sclerosis (FSGS; 2.2% in 2016), and others. FSGS and IgAGN frequently recur in renal grafts. Rituximab is used prophylactically to avoid FSGS recurrence in some recipients, although it is not covered by medical insurance. Tonsillectomy with steroid pulse therapy is widely accepted as treatment for a recipient with IgAGN recurrence in Japan, although tonsillectomy is not indicated in other countries. Hereditary disease includes polycystic kidney disease (6.1%), Alport syndrome (1.1%), and nephronophthisis (0.9%) [39] .
Causes of death and graft deterioration in kidney transplant recipients after transplantation
The primary cause of death in kidney transplant recipients from 2010 to 2015 was infection (19.8%), followed by malignancy (14.8%) and heart disease (11.1%) [40] . Recently, viral infections have occurred in kidney transplant recipients more frequently than bacterial infections. Life-threatening infections include cytomegalovirus in a seronegative recipient, herpes zoster virus in a recipient without vaccination, and Epstein Barr virus-related post-transplant lymphoproliferative disease [40] . In all the periods, the primary cause of graft deterioration was chronic followed by acute rejection. Recurrence of original disease was minimal (2.4%-4.9%). Chronic rejection included chronic allograft nephropathy and chronic vascular rejection. Chronic allograft nephropathy was caused by hypertension, diabetes, calcineurin inhibitor toxicity, and aged kidney grafts. Chronic vascular rejection occurred mainly due to DSA-mediated rejection. Acute cellular rejection does not occur frequently under modern immunosuppression therapies and is curable with steroid pulse therapy or anti-thymocyte globulin. However, acute antibody-mediated rejection due to DSA is challenging to control.
Future aspects of kidney transplantation in Japan
Two potential kidney transplant methods require consideration. One is donor-specific immunosuppression to induce immunotolerance, thereby providing ideal conditions for organ transplantation without conventional immunosuppression. Another is the use of regenerative medicine to produce a whole kidney. Immunosuppression would not be required because this would originate from the recipient's cells.
Donor-specific immunosuppression: induction of tolerance Regulatory Treg therapy
Todo et al. [15] researched the induction of immunotolerance using Treg therapy in living donor liver transplants. Adoptive transfer of an ex vivo-generated regulatory T cell-enriched cell product was performed in 10 consecutive adults in the early stages after liver transplant. The cells were generated using a 2-week coculture of recipient lymphocytes with irradiated donor cells in the presence of anti-CD80/86 monoclonal antibodies. Successful weaning and cessation of immunosuppressive agents were observed in 70% of patients, two of whom suffered de novo anti-class II DSA (DQ7) 1 year after drug discontinuation, remaining positive after 2 years. Because a kidney displays higher immunogenicity than a liver, the induction of immunotolerance in kidney transplants is more difficult to achieve than that in liver transplants [41] . The degree of microchimerism (donor vs. recipient cells in peripheral blood) was 1/10 5 in kidney transplant recipients, because it was detected not by in vitro hybridization but by polymerase chain reaction. [42] . In contrast, it was 1/10 3 in liver transplant recipients because microchimerism was able to be detected by in vitro hybridization [43] . Immunotolerance is more difficult to be induced in kidney than in liver transplants [41] . Koyama et al. [16] conducted a clinical trial of immunotolerance induction using Treg therapy in 16 LDKTs using the same procedures as those used for liver transplants. Nine recipients had a biopsy-proven acute rejection, and all recovered from acute rejection using steroid pulse therapy. All the recipients continued immunosuppression therapy, but at a half-dose.
Clinical trials of Treg therapy in kidney transplantation remain ongoing in the Taskp UCSF and the ONE studies [17] . These studies use autologous polyclonally or donor antigen-expanded Tregs. Recent results have been promising, and Treg therapy in kidney transplantation seems feasible and safe, although the clinical trial data remain preliminary and preclinical. There are further hurdles to overcome to determine unknown factors, such as the dose and timing of the Treg infusions, immunosuppression regimen, and long-term suppression of DSAs without maintenance immunosuppression [17] .
Donor bone marrow transfusion
Chen et al. [44] reported combined HLA-mismatched kidney and bone marrow transplantation. Immunosuppression consisted of rituximab, cyclophosphamide, irradiation, anti-CD2 monoclonal antibody, steroids, and tacrolimus or cyclosporine. Bone marrow transplantation was performed simultaneously with the kidney transplant. All the 10 recipients suffered transient chimerism. Immunosuppression was successfully discontinued for 4.5-11.4 years in seven patients, and the remainder required immunosuppression reinstitution after 5-8 years due to recurrence of the original disease or chronic antibody-mediated rejection. Recently, Hotta et al. [45] reported three of four cynomolgus monkey recipients were successfully withdrawn from immunosuppression after thymoglobulin, belatacept, and donor bone marrow transfusion were given 4 months after kidney transplantation. However, even this immunosuppressive protocol could not suppress production of DSAs. Bone marrow transfusion was proved to be an effective method to induce immunotolerance in kidney transplantation; however, it still needs to improve to suppress DSAs.
Kidney regeneration Nephron progenitor cells
Several groups have developed protocols to induce nephron progenitor cells from human iPSCs [18] . When the nephron progenitors generated from human iPSCs were cultured with embryonic spinal cord or Wnt-expressing feeder cells, they readily reconstituted three-dimensional nephrons, including nephric tubules with proximal-distal segmentation and glomeruli with podocytes ( Fig. 9, left) [20] . Furthermore, the glomeruli were efficiently vascularized upon transplantation into mice (Fig. 9, right) .
Niche method
Nephron progenitors were injected into the fetal nephrogenic zone of different animal species, including cloned pigs, where the injected cells were continuously developed at later stages of kidney development [46, 47] . Following nephron regeneration, donor and recipient cells were mixed in the regenerated kidney. Yamanaka et al. [19] succeeded in completely replacing transplanted native nephron progenitor cells with donor cells. These nephron progenitor cells developed into mature glomeruli and renal tubules, and vascularization was observed following transplantation in vivo.
Stepwise peristaltic ureter (SWPU) system
Cloned pig metanephroi were removed from embryos and syngeneically transplanted into the omenta of recipient pigs [46] . 5 weeks after transplantation, the transplanted metanephroi were > 1 cm long (Fig. 10a) and exhibited ureters Fig. 9 Induction of nephron progenitor cells. (Left) Glomeruli and renal tubules generated in vitro from human induced pluripotent stem cells (iPSCs). The induced nephron progenitors were recombined with spinal cord feeders and cultured for 9 days. Magenta, Wt1; yellow, nephrin; green, E-cadherin. (Right) Hematoxylin-eosin staining of human iPSC-derived glomerulus vascularized upon transplantation into mice. Note the presence of red blood cells (arrowhead) in the glomerulus and eosinophilic substance in Bowman's capsule (asterisk). Photographs were referred as figures 2 and 3 in Nishinakamura and associates [20] ( Fig. 10b) . 8 weeks after transplantation, blood vessels from the omentum were integrated into the metanephros, which was approximately 3 cm long (Fig. 10c) and produced urine, although hydronephrosis eventually was observed because of the lack of an excretion pathway (Fig. 10d) . Metanephroi with bladders (cloaca) were retrieved from an E30 pig embryo and syngeneically transplanted into a pig omentum [46] . 5 weeks after transplantation, two metanephroi and a liquid-filled bladder were generated (Fig. 11, left) . Anastomosis between the bladder grown from the cloacal implant and the recipient's ureter was observed (Fig. 11, right) . Histopathologic analysis revealed that tubular lumina dilation and interstitial fibrosis were reduced in kidneys developed from cloacal transplants compared to metanephroi transplantation. This technique was named the SWPU system. The SWPU system may resolve two critical problems in the generation of kidneys from stem cells: construction of a urine excretion pathway and continued growth of the newly generated kidney. Fig. 10 Syngeneic transplantation of metanephric primordia in pigs. Cloned pig metanephroi were removed from embryos and syngeneically transplanted into the omenta of recipient pigs. 5 weeks after transplantation, the metanephroi were > 1 cm long (a) and exhibited ureters (b). 8 weeks after transplantation, blood vessels from the omentum were integrated into the metanephros, which was approximately 3 cm long (c), but the metanephros developed hydronephrosis (d). Photographs were modified from figure 1 in Yokote and associates [46] . U ureter; BV blood vessel Fig. 11 Syngeneic transplantation of pig cloaca using the stepwise peristaltic ureter (SWPU) system. Pig cloaca transplanted into a pig omentum showed two metanephroi and a liquid-filled bladder 5 weeks after transplantation (left). 4 weeks after cloacal transplantation, the recipient's left ureter was connected with the bladder grown from the cloacal implant (SWPU system) (right). The photograph was modified from figure 4 in Yokote and associates [14] and the illustration modified from Yokoo and associates [43] . M metanephroi; B bladder grown from the cloacal implant
Conclusion
The number of deceased donor organ donations, including a kidney is extremely fewer in Japan than in other developed Asian countries, as well as Western countries. A new optional presentation of organ donation as terminal and grief care by qualified medical social workers could be promising to promote DDKT.
LDKT, including ABO-incompatible and preemptive LDKT, has increased steadily; however, more development of LDKT depends on nephrologists and coworkers who inform about the opportunity for kidney transplantation.
Donor-specific immunosuppression and kidney regeneration has recently developed in Japan. Treg therapy in kidney transplants could be successful if DSA production could be suppressed. A regenerative kidney seems able to become a reality in the near future. Recipients will not require immunosuppression because a regenerative kidney is derived from the recipient's cells. 
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